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A SYSTEMATIC STUDY OF THE SALICACEAI. 

D. P. PENHALLOW. 

IN attempting a discussion of the Salicacee from the stand- 
point of their ancestry, as presented in the woody structure of 
the mature stem, a first step involves comparison with previously 
existing forms and with closely related types now extant, in 
order to determine the general phylogenetic sequence and the 
position which the group at present occupies. We are there- 
fore led, at the very outset, to ask: (i) what is the nature of 
the evidence to be derived from paleontology, and what is the 
bearing of such evidence; and (2) what is the nature and bear- 
ing of the evidence to be derived from the structure of existing 
species ? The Salicaceme as we now know them, are altogether 
confined to txvo genera -Populus and Salix - of very wide 
distribution in north temperate latitudes whence they extend 
beyond the extreme northern limit of tree growth within the 
polar circle, being there reduced to prostrate shrubs. It is 
quite possible that the family may have been more extensive in 
early or middle Mesozoic time, but the evidence now available 
as derived from their fossil remains, leads us to the supposition 
that it has not been, at any previous time in its history, of a 
more comprehensive character. In common with many other 
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families of Dicotyledons, it made its appearance very abruptly 
in the Cretaceous age, whence it has continued through suc- 
ceeding formations, appearing with prominence in the Pleis- 
tocene where its remains form a distinctly connecting link with 
existing species, with many of which they are more or less 
identical. 

An analysis of the Salicaceoe based upon the enumeration 
of the Index Kewensis, shoxvs that there are at the present time 
no less than two hundred and seventy recognized species, an 
altogether unusual proportion for a family embracing such a 
limited number of genera. Of these, twventy-two belong to the 
genus Populus, while two hundred and forty-eight belong to the 
genus Salix. 

The poplars are preeminently a type peculiar to the northern 
hemisphere, and in their chief aspects they have a strong tend- 
ency to a boreal habit, the one exception to be met with in 
the subtropical P. vnexicania offering no material contradiction 
of this law. P. ciliata of the tIimalayas, though reaching a 
latitude far below that of most representatives of the gentus 
nevertheless conforms to the temperate habit of the group by 
virtue of the somewhat high elevations at which it grows. Six 
species range from Japan through China, Mongolia, and Siberia 
to Central Asia, while the western extension of the genus is 
carried through northern and central Europe as far south as 
Spain and Italy. In the western hemisphere, no less than ten 
species are to be met with, ranging from Mexico as the extreme 
southern extension, thence northward as far as the arctic circle 
where P. balsamzjfera appears to establish the limit of develop- 
ment. The very remarkable isolation and localization of the 
various species is one of the most prominent features disclosed 
by an examination of these plants. i-'. nzzevzzlia is confined to 
Mexico and similarly P. ciliatz is peculiar to the Himalayas. 
P. adlenopoda is restricted to China as P. sieboldii is to Japan; 
while P. prvea lskii of Mongolia and P. pfruinosa of Siberia, as 
also P. czip/retica of Central Asia, give emphasis to this strong 
segregation, since they are as wholly distinct from the European 
and American species as are those of the last two regions from 
one another. In only one instance does there seem to be any 
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connecting form. This is presented in the ubiquitous balsam 
poplar of Asia and North America which not only serves to 
connect the types of both hemispheres, but it gives to. the 
genus a greater range of latitude than any other species. Evi- 
dence of this nature would naturally lead to the supposition that 
P. baZlsamlmgi-a may represent a more generalized type ancestral 
to many of the associated species. But on the other hand, the 
very extensive distribution of distinct species occupying essen- 
tially isolated and often very widely separated regions, suggests 
a more general dispersal during Cretaceous and Tertiary time, 
and their eventual restriction to more limited areas through the 
operation of important physical agencies, with the survival of 
the more resistant but not necessarily the oldest species. In 
particular it is conceivable that such restriction may have been 
brought about in one of two ways: (i) the elimination of the 
ancestral type or types, of which P. beilsam fer-a may possibly 
be regarded as the sole survivor, would tend to leave the 
descendants isolated as now found (2) the ancestral forms 
having disappeared at a comparatively early period in the his- 
tory of the genus, more recent physical changes in the earth's 
crust and in climatic conditions would give rise to more or less 
profound alterations in distribution in such a way as to effect a 
more pronounced segregation and localization. That such 
causes have been operative in glacial times is well known, and 
they have left a very definite impress upon the distribution of 
the existing flora of this continent, as particularly indicated by 
the various forms of alpine vegetation (Gray, '89, vol. I, p. I22 
vol. 2, pp. 24, I42, 260) and by such special arborescent forms 
as Lairr a7m1er-cana, Sequoia, 1sc'ul/(10s11g71 (O/IoglaS is, etc. (Pen- 
hallow, : 04). 

From this analysis it appears that there are twelve species of 
poplar peculiar to the Old World and nine species peculiar to 
the New World, with one species common to both. From this 
circumstance it would be natural to conclude that this is essen- 
tially an Old World genus, but the slight numerical difference 
noted would make such a generalization unsafe without con- 
firmatory evidence derived from the paleontological record to 
which appeal must also be made for an answer to several other 
questions that have already arisen. 
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Like the poplars, the willows are a type essentially) peculiar to 
the temperate regions of the northern hemisphere, though they 
represent adaptation to a greater diversity of climatic conditions 
and thereby greatly extend the northern and southern range of 
the family as a whole. With the exception of about 2 percent 
-an altogether insignificant proportion-they are of a conti- 
nental character. Nevertheless, in the S. j'ug/z/z1iiaJi of 
Java, S. sunialatrza of Sumatra, S. cIanZCi-is'S of the Canary 
Islands, S. viadagascar-iens isS of Madagascar, and S. occidcnta/is 

of the WVest Indies, types which are strongly segregated and 
localized, their very restricted range is in close proximity to the 
corresponding vegetation of the continental areas in which they 
must have had their origin and from which they must have been 
isolated at a comparatively late period as shown by \Vallace ('So). 
It is these insular forms which are chiefly concerned in the 
extreme southern extension of the genus, since the six Mexican 
and eight north African species range considerably farther north. 
The extreme isolation of S. /zumboldtiana in South America 
affords at once an illustration of the extent to which dispersal 
must have been carried in former geological times, and of the 
potency of the influences which have tended to a greater restric- 
tion of geographiUl area. 

Of the one hundred species common to Asia, twenty-foulr are 
found within the Himalayan region, while seventy-three are more 
peculiar to the temperate and boreal regions of Japan, China, 
Siberia, and Central Asia. In Europe no less than eighty-four 
species give a range to the genus which extends from the Mecli- 
terranean on the south to the polar regions where the very 
ciminutive S. Jol/ia-s with an extreme height of. about 3.3 cm., 
defines the northern limit of growth. In North America, apart 
from Mexico, seventy-two species similarly extend the genus over 
a wide rano-e of latitude, their northern limits being defined by 
the boreal S. ovaljzoli7 which also ranges southward on the sumn- 
mits of lofty mountains, as far as Mount Washinogton in New 
Hampshire. Ubiquitous species are much more common than 
among the poplars, and there are no less than 23 which are 
more or less common to the several continental regions as exhib- 
ited by the following synopsis. 
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Cornfl/flt)!//g V of ApSj/)Z AS (at .S07'1X 

Europe and Asia 14 
Europe and N orth America 7 
Europe and Africa and Asia I 
Asia and Africa . 

In determining these relations, the very pronounced isolation 
of the Ja-ipanese and Himalayan species stands out with great 
prominence and lends emphasis to the idea of segregation in a 
previously continuous flora. From the facts thus presented, it 
is obvious that the willows are preeml-inently an Old World 
genus, and that, although their dispersion has a tendency to 
greater diffuseness than in the case of the poplars, like them 
they essentially belong to temperate reg-ions, and their tendency 
is on the whole borea], rather than austral; so that with respect 
to the Salicacee as a whole, it may be said to be a distinctly 
temperate and boreal family of wide dispersion within the north- 
ern hemisphere, with its center of distribution in Asia where it 
presumably had its origin. A summary of these geographical 
relations will serve to make the foregoing- analysis more clear. 

In the light of these facts it becomes pertinent to ask whether 
the family as now known represents a type of vegetation which 
is yet in process of evolution, if it is a side line which has 
recently attained to the full limit of development and which is 
therefore terminal, or if it attained the culmination of its devel- 
opment in some previous geological age and is now in a state of 
decline comparable with that exhibited by the Lycopodiace-e 
and the Eqduisetace~e. The comparatively recent origin of these 
plants, if we are to judge them by the standards which have 
been set by other groups, the general phylogeny of which is 
fairly well known, would naturally lead us to support the first 
hypothesis or at least the second, and to reject the third as 
improbable. But such generalizations are unsafe unless sup- 
ported by other well established data, and it therefore becomes 
necessary to inquire somewhat particularly into the nature of the 
evidence affordedl by the geological history of these plants. 
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GeqograpJical IDistorbu/ion of tMe Salicacetv. 

Old World. New World. 

C~~ ~ 't 6 

.2~~~~~~~~~~~~~C 

____ _~:__ ___ __ __ I-__ 

Salix 248 I 2 84 I I 6 7 2 

100 I 8 84 So 

248 194 80 

Percent 0.4 0.4 0.4 9.S 29.43 4 0.4 3 22 33 87 0?4 04 2.41 29.03 

40.32% ! 4.0 3 %, I 3 3 87 3 2.2 6% 

7S.22%2C, 32.26%rS, 

Duplications S.19% 2. 19%,r.- 

Total 70.03%, 29.97% 

Populus 6 6 I 9 

3 10 

Percent 454 27-27 27.27 4.54 400.91 

59,.0CII,, 45.45%/ 
Duplications 2i.68% .86%. 
Total 56.41%CX-, 43.59-9% 

Salicace(x 78.88%CX 33.33%-7 
270 Duplications 9.63% I 2.58%SC 

Total 69.2 5%j 30?75%. 
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Our knowledge of the fossil Salicacem had its origin in the 
work of Heer upon the fossil plants from the Cretaceous forma- 
tion of Greenland, through his description of Populus primwvaZt7. 
The occurrence of this species in the Kome beds not only 
afforded the first real evidence of the occurrence of these plants 
in previous geological time, but it at once served to suggest the 
essentially primitive character of the Salicaceme as a whole 
among Dicotyleclons-an idea subsequently strengthened by 
the discovery of both Salix and Populus in the Potomac forma- 
tion, as well as in the* Kootanie beds of Montana. This idea, 
then, has persisted to the present clay and finds repeated ex- 
pression in the various treatises on fossil plants, although the 
acceptance of such a view is not based in any case, upon trust- 
worthy facts derived from a critical comparison of distribution, 
a knowledge of the phylogeny of the group, or an acquaintance 
with the anatomy of either recent or extinct species. Paleonto- 
logically it is of interest to determine the position of the Sali- 
cacem relatively to the other families associated with it in the 
Cretaceous and Tertiary deposits, and for this purpose the flora 
carefully compiled by Dr. Knowvlton ('98) offers the most 
reliable basis now available. Among forty-five families of 
angiosperms now known to constitute the flora of the Creta- 
ceous and Tertiary ages in North America, it will be found that, 
geologically speaking, the Salicacem is by no means the primitive 
group which seems to be implied by the position usually assigned 
to it, but that it really occupies a position which is the twenty- 
fourth in a series based upon the percentage ratio of occurrence 
in the two great geological periods. Such a series has as its 
lowest member, the Proteacex which is preeminently a Creta- 
ceous family, bearing to the Tertiary the ratio of i9 :a. The 
same is also true of the Menispermaceme with a ratio of I O, 
closely followed by the Araliacem (6: o) and the Euphorbiacem 
(2: o). At the other extremity of the series we find such fami- 
lies as the Hycdrocharicdaceme (o: 2), Lemnaceme and Simartubaceae 
(0: 3), Typhacem (O :4), Onagracem (o: 5), Naiadaceme (a: 7), 
Zingiberaceme (o: i 7), and the Cyperacee (o: 20), all of which are 
manifestly typical Tertiary plants. About midway of the series 
the Salicacem are associated with the Urticacem with a ratio of 
I: I .47 and with the somewhat similarly distributed Platanacem, 
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MVyricace~e, Cornacex, and Sapindacex. There is thus a very 
strong suggestion (i) that the Salicacex is in no sense a primi- 
tive family from the standpoint of geological succession, and (2) 
it is, as a whole, much more characteristic of the Tertiary than 
of the Cretaceous, more especially as a closer analysis of' the 
one hundred and forty-one known species shows that this rule 
applies to each of the constituent genera as well as to the entire 
family, though. more conspicuously to the genus Populus than to 
Salix. Thus we find that the forty-seven Cretaceous species 
embrace 34 of Populus and 23 of Salix, while the eighty-four 
Tertiary species embrace 59 of Populus and 25 of Salix, making 
the ratioof Cretaceous to Tertiary I: I.75 for the former and 
I: I.09 for the latter - ratios which tend to indicate that these two 
genera and so the family as a whole, were in process of develop- 
ment even in Tertiary time, a conclusion which is in apparent 
accord with the recent origin of the family. 

Co;;itarisoni of Cretaceois and Tertiary Fiolras. 

Seq. Cretaceous Tertiarv 
No. R atio. No. Percent. No. Percent. 

Proteaceae I 19 0.00 19 1.09 0.00 0.00 
Menisperniacexe 2 17 0.00 17 0.98 0.00 0.00 
Araliacexe 3 6 o.oo 6 0.34 0.00 0.00 
Euphorb~iace e 4 2 0.00 2 0.11 0.00 0.00 

Passiflorace 5 1 0.00 I o.o6 0.00 0.00 
Asclepiacdacex 5 I 0.00 I o.o6 0.00 0.00 
Myoporinele 5 I 0.00 I o.o6 0.00 0.00 
Convolvulacex 5 I 0.00 I o.o6 0.00 0.00 
Bromeliacee 5 I 0.00 I o.o6 0.00 0.00 
Casuarine I: 0.00 I o.o6 0.00 0.00 
Sterculiacee 6 I 0.13 I o.86 2 0.11 

MIyrsinea 7 I 0.17 6 0.34 I o.o6 

MIyrtacexe 8 I O.I 8 I I o.63 2 0.11 

Hamamelace 9 I: 0.25 4 0.22 I o.o6 
Mau1noliacex I I 0.31 45 2.60 20 1. I 5 
Thymeleaceae I I I 0.33 3 0.17 I o.o6 

Anonacex I I I 0.33 3 0.I7 o.o6 
Araliacee 1 2 I 0.36 47 2.71 1 7 0.98 
Sapotacee 1 3 I 0.50 4 0.22 2 0.11 

Lauracex 14 I 0.56 69 3.98 39 2.25 
Vitace I 5 I o.6i 26 1.50 i 6 0.92 
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Seqt. Cretaceous Tertiary 
No. Ratio. No. Percent. No. Percent. 

CelastraceTe i6 I 0.70 30 1.73 21 t.2t 

Leguminose 1 7 I 0.72 32 1.84 23 t.32 

Arace IS I 0.7 5 4 0. 2 3 .1 7 

Ebenacee 19 I 0.76 13 0.75 10 0.57 

Ericace-e 20 I 0 .94 IS 1.3 17 0.98 

Bigononiacece 21 t 1.00 I o.o6 I o.o6 

Apoc-vnacece 21 1.00 I o.o6 I o.o6 

Alismacexe 2 1 I 1.00 2 0.11 2 0.11 

Platanacex 22 I 1.26 15 o.86 19 1.09 

Mvnicacex 23 I 1.29 24 1.38 31 1.79 

ULrticacexe 24 I: 1.47 65 3.70 5.54 

Salicacexe 24 I 1.47 57 3.29. 84 4.79 

Cornacee 2 5 I : 1. o 2 o.69 I 8 1.03 

Sapindcacex 26 I I.62 24 1.38 39 2.31 

Cupuliferce 27 I 1.71 94 5.43 i6i 9.30 

Caprifoliacee 2 :I 1.82 1 7 0.98 31 1.79 

Rhamliace.e 29 I I.96 26 1. 5o 1 2.94 

Aquifoliacexe 30 I : 2.00 9 o.5' I 8 1.03 

Aristolochiacece 30 I: 2.00 2 0.11 4 0.22 

Tiliacex 30 I: 2.00 I o.o6 2 0.11 

Rosacece 31 I 2.89 9 0. 1 26 1.50 

Jugolancacee 32 I: 3.00 13 0.75 39 2.25 

Liliacexe 32 I2 3.00 2 0.11 6 0.34 

Alting-iacex 33 I: 4.00 1 o.o6 4 0.22 

Nymphoeace 34 i: 6.oo 2 0.11 1 2 o.69 

Graminex 35 i 6. o 2 0.11 13 0.75 

Anacarcliacex 36 I 7.50 4 0.22 30 1.73 

Palmacexe 37 I IS.o I o.o6 I 8 1.013 

Musacue 38 0 1.00 0 0.00 I o.o6 

Eriocaulonace 38 0 I.00 0 0.00 I o.o6 

Ekeaunacee 38 0: 1.00 0 0.00 I o.o6 

Droseracee 38 0 1.00 0 0.00 I o.o6 

Rutace.e 38 0 1.00 0 0.00 I o.o6 

Polygoonacec 38 0 1.00 0 0.00 I o.o6 

Rubiacexe 3 8 0 1.00 0 0.00 I o.o6 

Berberidacex 3 8 0 1.00 0 0.00 I o.o6 

Piperacexe 38 0: 1.00 0 0.00 I o.o6 

Hydrocharidaceae 39 0: 2.00 0 0.00 2 0.11 

Lemnace-e 40 0 3.00 0 0.00 3 O.I8 

Simarubacex 40 0 3.00 0 0.00 3 o.I 

Typphacex 41 0: 4.00 0 0.00 4 0.22 

Onaagracex 42 0 5.00 0 0.00 85 028 

Naiadacex 43 0: 7.00 0 0.00 7 0.45 

Zingiberacex 44 0 17.0 0 0.00 17 0.98 

Cyperacex 45 0 21.0 0 0.00 21 1.21 
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The succession exhibited in this table brings into prominence 
the idea that such families as the Leguminosye, Vitacee, Eri- 
caceze, Magnoliace2e, Convolvulacexe, etc., are inferior to the 
Salicace~e which is, in turn greatly inferior to the Cyperace2e 
from an evolutionary point of view when considered solely in 
the light of their geological succession; but the sequence which 
is thus established is found to be utterly at variance with that 
usually adopted on the basis of morphological evidence which 
for obvious reasons must be regarded as the more trustworthy 
guide. Such discrepancies between the morphological and the 
geological succession, in our opinion, should not be so great as 
seem to be suggested by the available data, and no doubt they 
will diminish as our knowledge of the fossil representatives 
becomes more nearly complete, but that such discrepancies may 
be anticipated, and that they are to some extent to be regarded 
as a normal result of rapid evolution along many diverse lines of 
development, is a reasonable supposition. The Mesozoic age 
was a period of very great divTersification among plants in con- 
sequence of the profound physical changes which had taken 
place in the atmosphere as well as in the configuration of the 
surface of the earth, and the fact that as a product of previous 
development, plants were in a condition to be widely and pro- 
foundly influenced by comparatively slight modifications of exter- 
nal conditions. The very great number of families and genera 
and even species of angiosperms which abruptly appeared in the 
Cretaceous, presenting as they did types of vegetation wholly 
unlike those of previous geological periods, indicates that the 
parental forms must have had their origin in the early Meso- 
zoic and possibly as far back as the Permian, since our accept- 
ance of the general principles involved in De Vries' mutation 
theory does not permit us to consider as possible, such phe- 
nomenal transitions as would be involved in the application of 
that theory to the case under consideration; while on the other 
hand all paleontological evidence, as well as the evidence derived 
from existing types, confirms us in the belief that such highly 
organized forms could have arisen in the main, only through a 
long series of transitional forms occupying great periocls of time. 
For the same reasons also, we are led to believe that the great 
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diversification of the Cretaceous flora must have been initiated 
at correspondingly early periods, though the general succession 
of types of which we have knowledge, would indicate that it did 
not gain full expression until about the time of the Middle 
Cretaceous. This diversification was no doubt the natural 
response of vegetation to the profoundly changed physical coln- 
clitions, chiefly climatic, which followed the close of the Carbon- 
iferous age and resulted in a diminution of the carbon dioxide 
of the atmosphere to about one-twentieth of its original volume 
with a consequent reduction of atmospheric density; a general 
purification of the atmosphere whereby it became more readily 
penetrated by the stiun's rays; a lower and less equable temper- 
ature with more localized climates, and conditions which, as a 
wrmhole, were more favorable to a more varied mesophytic type of 
veg-etation. Under such circumstances, involving- as they did 
a more abundant supply of oxygen, the general activities of 
growth became greater the transformation of carbon dioxide 
into assimilable products became proportionately larger in 
response to the more favorable conditions of light and air, the 
foliage became broader and acquired an increased functional 
capacity; and with the augmentation of capacity for the storage 
of energy thus made possible, there were increased possibilities 
of, as well as strong tendencies toward dixterse development in 
which special mutations no doubt played an important part, in 
response to even comparatively slight variations in environmental 
conditions. From this point of view it is not difficult to under- 
stand that among the numerous offshoots from the main line of 
descent there wvould be very \varying degrees of activity, and it 
is readily conceivable that plants of a low phylogenetic position 
might be held in numerical abeyance for a long time, while 
others, originating at a higher level but more favorably sit natecd 
and more capable of responding to their environment, might at 
once outdistance them in number of species or of varietal forms. 
Under such circumstances the geological succession might lead 
to erroneous conclusions as to the true phylogenetic sequence. 
Stuch a view is suggested and supported by a comparison of 
many well known examples among existing species. In this 
way it would be possible for a relatively superior type of organ- 
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ization, and one occupying a higher position in the morphologi- 
cal scale, to occupy an inferior position in the geological scale, 
and thus to appear antecedent to morphologically inferior types. 

From the foregoing considerations it is clear that geological 
data cannot be wholly relied upon to furnish a correct solution 
of questions bearing uipon the evolution of plant forms, and this 
is especially true with respect to the broad-leaved angiosperms 
for reasons which xvill be described more fully on a subsequent 
page. Interesting as these various speculations may be, as 
applied to the Salicace7 they nevertheless lack an essential 
foundation which can be obtained only by a more searching 
scrutiny of the family as a whole, and of its component genera, 
with respect to their more detailed distribution in Cretaceous 
and Tertiary time, as well as at present. 

Nowhere has it been possible to obtain so complete a record 
of the Cretaceous flora as from the exposures to be met with in 
Greenland and the United States, and the systematic way in 
which the various horizons have been worked out, affords a very 
satisfactory basis for a knowledge of the geological succession 
of species and genera. In his studies of the Cretaceous flora of 
Greenland, Heer found that out of a total of 88 species from 
the Kome beds, only 5.68 So were Monocotyledons, while the 
Dicotyledons were represented solely by Pojii/zs frinlve to 
the extent of 1.14 SC. In the Cenomanian flora of the Atane 
beds, there was a remarkable increase of Dicotyledons amount- 
ing to 50.09 Xo in a total of 177 species; while from the Patoot 
beds of the Senonian, 59.48 (2o were Dicotyledons out of a total 
of I i6 species, thus showing a marked development of this type 
of plants toward the close of the Cretaceous. This ratio be- 
tween the three divisions of the flora also appears to extend 
very largely to the Salicacee in particular, with respect to 
which we find 27.40 6, 42.40 5o, and 30. IO 7 respectively for the 
three horizons. An analysis of the family, however, shows that 
this relation does not altogether hold in detail for the individual 
genera. Thus in Salix the percentages are 41.40, 41.40, and 
17.20 which approximates to the results for the family as a 
whole with respect to the very evident falling off in the Upper 
Cretaceous. Nevertheless this is much more marked in the 
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genus than in the family, and sugg-oests that the former is in 
process of decline, a conclusion which seems to be directly 
opposed by the evidence afforded by the ratio of extinct and 
living forms. Populus gives I 8. Io0 , 43. I 0 %f, and 38.6o %r f or 
the three horizons vith a maximum development in the Middle 
C retaceous. 

Dis/ril)u/lioi (f Sli7/(7(-cG in CGre/accoaus atf U'ii/cd S/a/s. 

S ALI X. 

lowxver. MIiddle. I Upper. 

Salix Sl./nz/ni 

va/r ftawaanenZsi I 

ice/ekii X 
7y oratfogiia X X 

" ekx'nosa X X 

Zanceolata 
lincari/l-Oia X 

clineata X 
dcl/e6('ta: X 

ilayci X 

innvia/is X 

ni eill rana ce, >4x 

P. > 

SP. x 
Sf7. >4z-7 
Sp x/}p? 7 / 

Sa/ici!//i i/inz el/if ticain > 

farv'i/oi/til >4 

SpecieS 26 II 2 

Percentage distribution 42.31, 46.11 19. 



522 THE AMERICAN VAT iURALIST. [VOL. XXXIX. 

Distribl/ioiz (gf Salicacea- hi Cre!c!eous of Uiii/edl Stales. 

POPULUS. 

Lower. Middle. Upper. 

Populus ber; rrei X X 

A/;yerl'orei X 
stygiaz X 
mii utabijils X 
bevica'g~ta X 
azrcticar X 
pr-oblemt fica x 
obovata X 

mel/Oedri-oidcs X 

(Mardii X 

mzltabi/is ovalis ? x 

p/icula/a x X 
airsto/oc/ioides x 

coraII/o/ia X 

c//if5tic,7 X 
/.zarokcr/uoo,'zgl 
'latidel tzfazta X 

kemzosazseanazz X 

leuce X 

micro4/i5//)Ia x 
Potomacel"isis X 

p rotoz-adac/i X 
o^ecotin ^te;-vta7 X 
ihoazboido/de X 

trinerivis X 

sp. X 

sp. x 

sP. x 

Populites tenlufoii/us X 
cyc/o/iylh// X 
e/lee.os X 

Z/dMcstrtielsis X 

litzg/osiis X 

nzicro/5/ly//lIs X 

p-oalosami ifer-a X 
stei-nbdere-ii X 

ca/inche///i X 

Popu/op/iy//umi cr assiner-ve X 
liederajo)rze X 

r-eiforiiie X 

Species 42 S 19 I7 

Percentage distribution I S. I% 43.1% 38.6% 
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Again, comparisons with existing species are instructive. If 
all the various forms now recognized are to be regarded as valid 
species, then it would appear that the genus Populus must have 
attained to its full development in the later Cretaceous or pos- 
sibly early Tertiary time, since when it has been in a process of 
slow decline, or at least it has made no substantial progress. A 
very noteworthy feature of such comparisons appears in the 
somewhat abrupt increase among the Salicacez in common with 
other Dicotyledons, in the Middle Cretaceous, especially in the 
Dakota group. A ready explanation of this phenomenon on 
purely botanical grounds might be found in the facility with 
which hybridization gives rise to very stable forms, and it is in 
all probability true that such hybridization is accountable in 
large measure for the multiplication of forms or species in past 
times as it is known to be at the present clay; but to the g-eolo- 
gist this would probably not afford an adequate reason, since he 
recognizes the important extent to which $ accidents " as deter- 
mined by exposure of strata, methods of preservation, etc., con- 
stitute very definite and often controlling factors in the number 
and kinds of plants which may be yielded by a given formation, 
in which sense Dr. Knowlton has observed "that though some 
types of the Cenomanian, as shown by the leaves of the Dakota 
group, generally remain distinct and plainly defined in the 
vegetation of some of the subsequent formations, the chain of 
evidence is not always continuous. A number of these, for 
example, still remain unrecognized in the Upper Cretaceous, 
though present in more recent strata of the Laramie or of the 
Tertiary. We know very little as yet of the flora of the Senon- 
ian or of intermediate stages between the Dakota and the Lar- 
arnie groups. But judging from recent discoveries in Wyoming, 
Montana, Canada, and Vancouver I'sland, we have been able to 
recognize in the scanty materials obtained, the presence and 
therefore the persistence of some of the primitive or more 
ancient types, and it is most probable that further research will 
complete the evidence of the persistence and representation of 
the types of the Dakota group up to the Laramie, as clearly as 
it is observable in this flora and through the different stag-es of 
the Tertiary to the present time (Lesquereux, '92). 
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We are now led to ask: "What is the nature of the evi- 
clence, with respect to the particular form and value of the plant 
remains, upon which our knowledge of the geological succession 
is based ? " Of the internal structure of the fossil Salicacee we 
as yet know nothing, for with the exception of a few specimens 
from the Pleistocene, the wood of these plants has not yet been 
brought under examination, and we are therefore denied one of 
the most definite means of distinguishing with certainty not 
only the various species and genera, but also the relations which 
the members of this group bear to one another and to other 
groups. That fragments of the stems of willows and poplars 
must sooner or later be found and brought under examination, 
is altogether probable, and as an essential provision for the 
proper recognition of the various species at such times, it is 
important that accurate diagnoses of existing species should be 
made. 

The only evidence at present available for the recognition of 
members of the Salicacex, is in the remains of their leax'es which 
are too often found in a very fragmentary condition and other- 
wise unsatisfactorily preserved. Recalling the extent to which 
hybrid and variable forms occur in this family, and the often 
extreme differences which may arise in the same species as 
shown by Ward ('88), Holm ('go, '95), Berry (: OI-:03, :02a, 
02b), and Penha]low (: 04), it is readily seen that the numerical 

distribution of these leaf forms in geological time cannot be 
regarded as affording an accurate basis upon which to found a 
knowledge of succession, and such remains can never be of 
more than approximate value with reference to an exhibition of 
the most general relations. Under these circumstances, as 
pointed out by Holm ('95) some years since, "a careful stuid y of 
the recent flora is absolutely necessary when it is desired to 
identify fossil leaves with even an approximate degree of correct- 
ness. The plant must be studied as it stands amidst the sur- 
rounclings to which it has adapted itself and which its leaves 
reflect." It is altogether probable that a more complete and 
detailed knowledge of the Salicace2e would show that the pres- 
ent forms which are recognized as distinct species, in reality 
represent, in many cases, only variations of the same species. 
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This idea is emphasized more particularly in the case of the 
willows by the observation that SahikVp-Plotvfoliza has no less than 
four variants, or five forms in all, as presented by the generally 
accepted specific type and the varieties designated as flcvilosa, 
zauccola7taz, linear/2/oz, and longif 2//d forms which are all 

characteristic of the Dakota roT)up, thouo-h S. pj-otvfoliae and S. 
p/wtaofoli' fleruosa are also found in the lower Cretaceous. WNle 
therefore find that so far as the g-eolog-ical evidence alone is con- 
cerned, it throTs no lig,-ht whatever upon the possible ancestry 
of these plaiats, it affords absolutely no clue as to their relations 
to other g-roups of plants, and it g-i.ves i o very trustworthy 
information as to their present position in the scale of cdevelop- 
ment. But when such evidence is taken in conjunction with 
that derived from a knowledge of the family as at present 
existing-, the following- conclusions appear to be fully justified 

(i) The Salicace, as a whole is an Old W;\Torld family with 
its probable center of distribution in southeastern Europe and 
Central Asia. 

(2) It is a fam-nily with a strong tendency to a boreal habit 
which has become more definitely emphasized since Tertiary 
time. 

(3) The present tropical and subtropical members of the 
family, probably represent the relics of a wider dispersion in 
Cretaceous and Tertiary time, which have been isolated and 
localized as the result of more recent contraction in the family 
as a whole. 

(4) The family at present affords strong proof of a temperate 
climate. In Cretaceous time it was compatible with a much 
warmer climate than at present, as indicated by the survival 
of tropical and subtropical forms; but changes moire recently 
effected, have macie its tendencies boreal rather than tropical. 

(5) The family had but a feeble development in the Lower 
Cretaceous, but become greatly augmented in the Middle Cre- 
taceous. 

(6) It is a family which may be regarded as still i process 
of devTelopment. 

(7) The process of evolution is chiefly expressed in the 
genus Salix which shows a 'very great increase since the Middle 
Cretaceous. 
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(8) The process of evolution is less definitely expressed in 
the genus Populus, which shows but little advance since the 
Middle Cretaceous, and it may possibly be regarded as having 
attained the culmination of its dev elopment. 

While it is im-possible at present to discuss the anatomy of 
these plants in the light of their ancestral forms, the study of 
existing species may serve an important purpose as a working- 
basis for future paleontological research in this direction, and it 
may eventually prove to be the key which shall unlock the door 
now concealing- important records of the past. In this sense it 
is necessary to formulate a theory of possible descent as a 
wvorkinag hypothesis, and this can be obtained only through a 
detailed study of the anatomy of the Salicacere in comparison 
with what has already been ascertained to represent certain laws 

of development in the g ymnospermis. This hypothesis may be 
stated briefly before proceeding- to a discussion of those anatom- 
icalc details which may lend it support. 

A comparison of the ferns, arborescent ptericlophytes such 
as Calamites and Lepicloclenclron, and the arborescent types of 
g-mnlospermis anid angiosperms, shows, in general terms, that 
the so called wood increases in proportion to the requiremlenlts 
of mechanical support. This latter is usually met by the clis- 
positioni of the tissue in such a manner as to afford the n-mst 
effective resistance to external stress, and it is therefore clis- 

Posedl in monostelic stems, in the form of a definite cylinder 
which constitutes the secondary xylem structure. It is also an 
essential feature of the same law, that the secondary , xylem 
should be in all cases raclially external to the prot(o)xylem,- and 
that its atug-mentation in secondary g-roTth of the stemii must 
alway-s arise in radial successioll. 

In the pDolystelic ferns where the secondary xylem consists 
alm-ost wholly of vessels and the woodI elements are numerically 
subordinate, these latter are distributed amono the other ele- 
m-ents of the xylem and do nlot form a specialized mechanical 
region. Stuch strengo-thening- as these plants reqluire, is accom- 
plished in the first instance b)y the scleenlcbCym)Tatous bundle 
sheath, and secondarily by the inure general conversion of the 
fundamental tissue into bard sclerenchvmi-a. It is simnilar1ly 
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impossible to compare such plants in any direct way with the 
polystelic angiosperms in which the mechanical tissue generally 
encloses the vascular structure in a more or less definite sheath 
which exhibits a more or less clearly defined relation to mechan- 
ical stress. While, therefore, for the purposes of our present 
argument, it is impossible to introduce exact comparisons with 
any of the polystelic forms of stems, we must nevertheless con- 
clutde that the secondary wood, in whatever form it may be dis- 
posed, must be regarded as differentiated to meet mechanical 
ends as shown by Williamson ('7 I) in his various elaborations of 
the Calamitean structure and as more recently stated by White 
(: 5); but a knowledge of the relations existing- between the 
protoxylem and the secondary Txylemjj requires a more critical 
examination in detail, in order to determine the course of clevel- 
oIvpment which has given to the gymnosperms and the clicotyle- 
clonous anogiosperms, the peculiar structural aspects distinguishing 
them respectively. This will constitute the subject of a special 
paper at a f Uture date, and in the meantime it will serve our 
present purpose to state briefly the fundamen-tal conceptions 
which form the essential features of our hypothesis. In order 
to make oLur point of view more clear , it xvill first be necessary 
to state concisely what has been shown to hold true of the 
gymniosperms with respect to the evolution of the secondary 
vascular structure Mncl its economic aspects in relation to the 
eqlirelieents of support, as well as its physiological /6/6c in the 
conveyance of ntutrient fluids. 

The origin of the gymnosperms in the Cycaclofilices, oi- at 
least a portion of them, is now generally accepted as an estab- 
lisheci fact. The essential starting- point for the evolution of the 
vascular cylinder is therefore to be found in the scalariform and 
spiral vascular elements of the Cycadofilices or their filicinean 
ancestors which constitute the entire vascular bundle of those 
plants, and which, in the gymnosperms, constitute the protoxy- 
lemd structure only. The relatively greater extent to which the 
mechanical elements are developed in some of the Cycaclofilices 
and in the Cycaclace-e as a holel, is in direct response to the 
somewvhat more arborescent tendency of these groups as partic- 
tilarly expressed in certain genera while the fact that they do 
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not in any case attain to the extreme preplonderance noted in the 
Corcait-e and Coniferze, etc., is -precisely in harmony with the 
general approximation of the Cycacdace-e as a wThole to their 
filicinean ancestors and the lack of need for that pDeculiar form 
of mechanical support which is demanded by trees of large size, 
and which is provided in all the arborescent forms of the seed 
plants. With these statements it will be unnecessary to follow 
the Cycacdaceze in further detail, but rather to consider the 
course of events in the more arborescent Corclaitales and Conif- 
erales where the analogy- with the angliosperms is closest. It is 
1now a well recognized fact that the protoxylem of the gymno- 
sperms constitutes a transition Zone w\Tithin which peculiar and 
oft en somewhat remarkable evolutionary changes take place. 
The protoxylem or transition zone is a region peculiarly sensi- 
tive to the controllino- influences of environment, and its response 
is so immediate as to give rise to structures of a very diverse 
nature. This has been shown to be true of the CYcacdacee 
(Penhallow, o4c) to a notable extent, while it is no less p1ro1mli- 
nenlt in the Corclaitz, both of which groups are of a recog-inized 
primitive character among gymn osperms and stand in some-what 
close relations to their Cycaclofilicinean ancestors. But a very 
important difference exists between these tw~o g-roup)s with respect 
to the survival of the protoxylem and the precise compositions 
of the secondary wood. In the Cycadace~e the growth of the 
stem in annual increments involves the complete repetition of the 
entire xylem structure and the formation of secondary crrowth 
in a manner which is to be met with in no other group of gym- 
nosperms. The o-rowths of successive Tears are not immecli- 
ately joined to one another and therefore contermino(u)s, but they 
are separated radially bJy very definite zones of fundamental 
tissue of the original cortex. In each zone of g-rowvth we recog- 
nize spiral and scalariform-i elements of a transitional form, 
tog-ether wTith tracheids bearing bordered pits and forming- the 
secondary xylem. These tissue reioons are disposed precisely 
as in the g-rowvth of the first -year; they bear the same relations 
to one another both in position and in development, and in each 
case they perform the same functions as in the initial zone. 
From this it follows that there is a complete regeneration of the 
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.xylem structure in all its parts, with each year of growth, and it 
is not unreasonable to consider that the same structural regions 
should be desig-nated hy the same terms wherever they may 
occur. In this sense, therefore, we should recognize the pri- 
mary crrowvth, as well as the secondary growth of each subse- 
quent year, as composed in each case of protoxylem and 
secondary xylem. The protoxylemi survives throughout the 
entire life of the plant. 

In the higher gymnosperms as also in the Dicotyledonous 
angiosperms, the case is quite different. In them the rilngs of 
secondary growth are in all cases united to and conterminous 
with the structure of the preceding year, and under these cir- 
cumstances, as well as for reasons which will again be referred 
to, th,- protoxylem experiences complete suppression and does 
not reappear after the growth of the first year. In this case, 
then, the primary growth consists of protoxylem and secondary 
xylem, while the seconddary growth consists altogether of sec- 
ocldary xylem, and in this we find one of the most important 
structural distinctions between the Cycadace-e and all other 
types of gymnosperms, hrinoginog the former into the closest 
relations with their ancestral forms and removing the other 
gymnosperms with the Cordaitales as the basal member of the 
series, to a distinctly higher phylogenetic position. 

In Cordaites, reduction has been developed to such an extent 
that the protoxylem no longer forms a constituent part of the 
annual rings of growth, since it is wholly confined to the growth 
ring1 of the first year where it constitutes a region of very con- 
siclerable radial extent, gradually merging with the secondary 
xylem in such a way that there is n1o sharp line of demarcation 
between the two. WN-ithin this zone g-raduated transitions are a 
well k11-nown and remarkable feature but it is to be noted that 

in all these respects there is a further removal from the ances- 
tral forms and a distinct development along those lines of evo- 
lution which eventually issue in the characteristic structure of 
the hig-her Coniferales. As these latter are reached, it is to 
he ohservecl that there is a constantly greater reduction in the 
radial extent of the transition zone, and the intermediate struc- 
tural variations which it presents, until, eventually, it becomes 
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only a few elements broad, and there is an abrupt transition 
from spiral or scalarifornm structures to the tracheids with bor- 
dereci pits. We may therefore consider that in all the higher 
Coniferales, the structural tTpe is fixed to such an extent that 
evolutionary aspects are no longer presented. 

The changes initiated in the transition zone relate to the evo- 
lution of the modified vessels or tracheids which constitute the 
bulk of the structure in the vascular cTlinder. In the develop- 
ment of such tracheicls their capacity for the mljovement of the 
transpiration current is not lost, except in special cases, but it is 
rather modified with reference to the total extent of the condutc- 
tivre tissue and the somewhat low rate at which the transpiration 
current is required to move. Each tracheid is provided, among 
the primlitive forms, vith bordered pits on both the radial and 
tangential \valls throtug-h which a somewhat ready and direct 
transverse diffusion is provided for, while diffusion in a lolgi- 
tuclinal direction can never be otherTise than indirect and there- 
fore at a relatively sloT rate. With an advance in organization, 
the bordered pits tend to disappear from the tangential walls 
where they survNiTe only at the ends of tracheicds or in the sum- 
mer \voocI, the latter distribution being necessitated by the 
pectuliar radial compression which such cells experience. It 
follows from this that in all the higher types of the gymno- 
sperms, there is a greater degree of restriction imposed upon 
the transverse diffusion and through the latter, also a further 
restriction of the longitudinal diffusion. WN whatever deficiency in 
circulation is developed through these structural alterations, 
compensation is proviclecl by the great extent to which such tis- 

sue is formed; and that the tracheicis effectively discharge the 
(luty imposed upon them in this respect is manifested in their 
complete replacement of the true vessels of the protoxylem, as 
well as in the fact that those of the heart Tood milay resume 
their functional capacity for the convTeyance of nutrient fluids 
\vhen the sap Toodl becomes incapacitated through diesiccatioln 
or other causes (Goodwin, 'SS). Stuch restricted mJovrenlemnt of 
the transpiration current is ini direct accord with the generally 
xerophilous character of the gymnosperm s, whether this latter 
be correlated with absolute deficiency of water supplies or a 
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tem-perature which is so reduced as to permit of but slight ab- 
sorbent activity in the roots; and so it is found that the pectul- 
iar form of the coniductive tissue is really developed in correlation 
with the environment of the plant. But it is to be observed that 
the protoxylem is called upon, in the course of its development, 
to meet another essential factor in the life of the plant, namely, 
its ability to \vithstandl external stresses of various kinds and 
throuo,-h this the establishment of aln upright position for the 
organism. It is quite conceivable that this requirement might 
be met by the evolution of a specialized form of element from 
the meristem without reference to the prior development of 
vessels, and this might be looked for in the angliosperms, hut 
such has certainly not been the case in the gymnosperm s. The 
somewhat slight modification, and in some senses the reduction 
which the vessels of the protoxylem have undergone in their 
adaptation to the movelTment of the transpiratiocn current, has 
also permitted of their immediate adaptation to the purposes of 
mechanical support. They 1 have therefore IDecome more fibrous 
in character, while at the same time their \Talls have become 
sensibly thickened and iii corresponding, degrees more fully) 
fitted to withstand stress. It is thus evident that two forms or 
directions of development have been combined iin the same ele- 
meiut, and it is no doubt also true that the peculiar formii of the 

pits is in itself a direct resultant of such a combination develop- 
ment, since it has been shown that the bordered pit represents 
a localized area which has beeii left over in the otherwise g-ei- 
eral thickening- of the vall in response to the recluirements of 
intercelluilar circulation. The reduction of the bordered pit and 
its frecjuent elimination from the wall of the tracheicl, especially 
in the summer wvoocl, is in direct harmony rith these statements 
and represents the relative preclominalnce of recqluirements relat- 
mo- to circulation or mnechanical support at different periods of 
-rowth and under spDecial conlditions of etnvironn-ment. So fal- as 

we knowv at present, nlO further modification of the tracheid 
than that presented in existing species is possible to the gymno- 

slDerlms, and this particular line of evolution may therefore be 
regarded as completed in that group. 

Our hypothesis as applied to the anigiospernms on anialogtous 
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lines of development, is based primarily upon the idea that the 
well marked differentiation of conductive and mechanical tissue 
which is everywhere so prominent a feature of the arborescent 
forms, extending in a less conspicuous way to herbaceous types, 
cannot be secondary to and therefore derived from that special 
course of development which is so fully expressed in the wood 
of the gymnosperms ; but that it must have had its origin in 
antecedent or contemporaneous types, and that it must in conse- 
quence represent a wholly distinct line of evolution arising in 
response to very dissimilar environmental conditions. 

In the angiosperms, representing as they unquestionably do, a 
higher type of development, there is, even among their most 
primitive forms, a further removal from the ancestral type, and 
as presented by the Dicotyledons, they must be regarded as 
essentially occupying the same general plane of development as 
the higher Coniferales, inasmuch as they are all characterized 
by a transition zone consisting of but few protoxylem elements; 
and the passage from these latter to the elements of the second- 
ary xylem, whether vessels or wood cells, is abrupt and direct. 
Like the higher Conifere, therefore, they represent types in 
which the structure of the transition zone is essentially fixed, 
and under normal conditions of development the formation of 
the secondary xylem is, from the first, in direct response to a 
fixed habit. We may nevertheless expect that under exceptional 
conditions of growth such as would involve reduced vigor, and 
also such as throtiah an induced habit of growth would eliminate 
very largely the special necessity for mechanical support, there 
xvould be a more or less marked tendency in the direction of 
reversion to primitive structural conditions. Such reversions 
might be expected to show a distinct augmentation of the transi- 
tion zone with the appearance of transitional forms of the ana- 
tomical elements, which would then diverge from the protoxylem 
in the particular directions imposed by the natural fixed habits 
of the genus or species- as the case might be. Alpine forms 
of otherwise large trees might be expected to afford the most 
favorable material for the exhibition of such reversions in conse- 
quence of (i) the greatly reduced form and size of the plant 
consequent upon its unusual environment, and (2) the fact that 



N(. 464.] STUDY OF THE .SALICACE E. 33 

a cdvarfed or even prostrate habit of growth no long-er imposes 
those demands for rigidc support which are from the first a prime 
necessity of the strictly arborescent forms. Precisely such con- 
ditions and precisely such results are to be met with in S/ilk:V 
cu//ci-i Tuckerm., of which a more detailed account will appear 
on a subsequent page. 

In the development of the secondary xylem of ango-iosperms, 
two distinct lines of evolution are to be observed the one lead- 
ing to the exaggerated development of vessels, the other leading- 
to the exag-g-eratedcl evelopmenit of mechanical tissue, the two 
being balanced with respect to the relative excess of require- 
ments on the one side or the other. Confininog our attention in 
the first instance to the vessels, it is found that in their evolu- 
tion from the elements of the protoxylem, these latter deviate 
more widely from a fibrous form so that their products becomec 
broader and either actually or relatively shorter, while the termi- 
nal walls often disappear altogether, thus giving rise to tubular 
structures of indeterminate length. The walls of such vessels 
are somewhat modified by secondary thickeningo-, though relatively 
to their usually great breadth this is not more than is demanded 
by their own need for support, and it cannot be regarded as anl 
essential factor in the strength of the oro-anism as a whole. Like 
the tracheids of the Coniferae, the walls are characterized by the 
preseilce of bordered pits which differ in two very important 
respects from the similar markinlgs which generally characterize 
the hig-her pvmnosperms. They are always multiseriate and 
clhiefly hexagonal, thoug-h as shown in the Salicacere, they may 
become more distant and definitely rounded they also occur on 
both the radial and tango-ential walls. In both of these features 
the vessels show the s u rvival of primitive characteristics which 
are only partially represented anmonc the Corclaitales, and which 
indicate that the ancestral forms must be looked for among- the 
Cvcadofilices where they are of well known occurrence, or else 
among so)me other group of similar structural characteristics, 
but of which we have no present knowledge. Now the angio- 
sperms are essentially all broad-leaved plants adapted to a clis- 
tinctly mesophytic habit, and it is therefore to be concluded that 
the transpiration current not only moves With greater rapidity 
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as compared with the Conifere, but that it is of greater volume 
and requires a correspondingly more capacious channel; while 
such channels must also be direct and involve fewer impediments 
to free circulation in a longitudinal direction. These require- 
ments are met by the large, transverse volume of the individual 
vessel by the great multiplication of vessels so characteristic of 
Catalpa, Salix, Populus, etc. ; by their repetition in the secondary 
xylem of each year's growth, and in the provision for very free 
longitudinal movement of fluids as expressed in the sieve-like 
terminal walls, or in the complete obliteration of such interposed 
septa. Although such v essels retain their capacity for the con- 
veyance of the nutrient fluids for a long time, i. c., several years, 
they eventually become functionless, often through the forma- 
tion of extensive thyloses as in the Catalpas, members of the 
Salicace2e, Quercus, etc., and in general terms the functional 
capacity of the vessels cannot be restored when so lost, while 
under certain circumstances, the development of thyloses may 
assume a definitely pathological aspect (Watt, :oi). From the 
observations thus far made, it is evident that the particular evo- 
luttion of the protoxylem which results in the formation of such 
vessels, provides elements which are solely concerned in the 
Movement of the transpiration current, and which have, as it 
were, appropriated this function in such an exclusive sense as to 
eliminate it from all other structural elements of the xylem, so 
that these latter are thereby left free to develop in the most 
responsive way under the special influence of other requirements. 

We may now ascertain the special features which serve to dis- 
tinguish the second course of evolution from the protoxylem, 
already referred to. The excessive development of the conduc- 
tive tissue tends to diminish the general strength and call for 
the formation of purely mechanical elements to an extent other- 
wise unnecessary. This factor operates, therefore, to emphasize 
the divergence of the two lines of structural evolution, giving 
greater prominence to the conductive elements on the one hand 
as already shown, and on the other hand to the mechanical ele- 
ments. Certain of the protoxylem elements, otherwise potential 
vessels, are diverted in growth, and instead of expanding, they 
contract with a correspondingly greater development of the sec- 
ondary wall, and assume a strictly fibrous form. This necessa- 



No. 464.] STUDY OF THE S4L/CACE.-W. .535 

rily leads to the greater simplification of the pits which rarely 
retain the bordered form but become simple perforations and 
commonly disappear altogether. Concurrently with these 
changes, the progressive increase in the thickness of the wall 
eventually leads to a more or less complete obliteration of the 
original cell cavity; and while all these varied changes have a 
profound bearing upon the ultimate streng-th of the general 
structure, they at the same time operate to eliminate completely, 
even such slih-t capacity for conduction of fluids as the elements 
may have had in their earlier stag-es of development. 

The hyTpothesis as thus presented, is suggested at the present 
time in view of the manv facts which have come under obser-va- 
tion during, the progress of studclies bearing more particularly 
upon the anatomy of the Coniiferales as elsewhere recorded (Pefn- 
hallow, 10o4c), and because of the need of some working, basis 
frolm1 which we may -view the anatomy of the Salicace-e, and 
upon which we may erect a poCssible point of departure for an 
interpretation of their phylog-eny. The first real test of the 
validity of this hypothesis will be made on the basis of data to 
be derived from a study of the Salicaceze as recorded in subse- 
tluent pages. If it proves to have the support of observed facts 

it will then be necessary to supplement it with the further 
hypothesis that the angiosperms as a whole had their origc-i n 
in so-me generalized type, possibly identical with or- at least 
nearly related to the Crcadofilices ; and in any event we can 
hardly agree with the suggestion of De Vries (:o5) that the 
Monlocotylelons ' are obv-iously a reduced branch of the p1rmi- 
tive Dicotyledons,'' since our own inv,,estigations not olyr fail to 
len-d support to such an idea, but they tend to establish evidence 
to the contrary, and to the effect that while the two miay possi- 
bly have had their starting point in a common, generalized type, 
they nevertheless represent two distinct lines of descent. On 
the basis of such a hypothesis, we should reasonable expect to 
find in the early Mesozoic and Permian, and possibly even in 
the later Carboniferous, transitional forms which would carry 
the anogiospernms back to some of the later but less hig-hly spe- 
cializecl types of the Cycaclofilices. 

(T ic continued. ) 
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